- 1 - 



H224 



THIN INJECTION MOLDED ARTICLES 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to thin injection 
molded articles which are lightweight and have a required 
rigidity . 

2. Description of the Related Art 

Attempts to create thinner injection molded 
parts usually result in a lack of rigidity. The resins 
used in such thin parts must therefore satisfy the 
reciprocal properties of, firstly, high rigidity of thin 
sections, and secondly, high flow properties of the resin 
during injection. 

Rigidity has conventionally been improved by 
adding glass fiber to resins. 

However, when glass fiber is added to a resin, 
the flow properties during resin melting are reduced, 
thus impairing the molding properties of the thin part. 
When injection molding is forcibly carried out under 
severe molding conditions such as high speed and high 
pressure in order to improve the molding property, there 
is a risk of deterioration of the resin by shear heat 
between the resin and the mold. 

Thin resin parts must also be lightweight and 
have good electrical insulating properties. 

It has also been proposed to add organic clay 
to polymers instead of glass fiber (Japanese Unexamined 
Patent Publication HE I No. 11-92677). 

BRIEF SUMMARY OF THE INVENTION 

In light of these problems of the prior art, it is 
an object of the present invention to provide lightweight 
thin injection molded articles with high rigidity and 
excellent electrical insulating properties. 

The present invention provides a thin injection 
molded article composed of a composite resin material 



having organic clay dispersed in a polymer, 

wherein the polymer comprises polyphenylene 
oxide and a butadiene-styrene copolymer, and 

the relationship between the maximum flow 
length L of the composite resin material in the thin 
injection molded article and the average thickness t of 
the thin injection molded article satisfies the 

inequality: L/t 70. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration showing the relationship 
between polyphenylene oxide (PPO) and clay rendered 
organic with one type of organic agent. 

Fig. 2 is an illustration showing the relationship 
between PPO and clay rendered organic with two or more 
types of organic agent. 

Fig. 3 is an illustration showing organic clay and a 
polymer according to the invention. 

Figs. 4a, 4b, 4c and 4d are perspective views of 
cavities for injection molding, for illustration of 
different gate shapes and maximum flow lengths according 
to the invention. 

Figs. 5a and 5b are perspective views of thin 
injection molded articles. 

Figs. 6a, 6b, 6c, 6d, 6e and 6f are illustrations 
showing the flow condition of a resin in a cavity for 
examples and comparative examples. 

Fig. 7 is a line graph showing the relationship 
between tensile modulus and L/t for thin injection molded 
articles of the examples and the comparative examples. 

Fig. 8 is a line graph showing the relationship 
between filler content and relative tensile modulus for 
thin injection molded articles of the examples and the 
comparative examples . 

Fig. 9 is a line graph showing the relationship 
between maximum flow length L and L/t for thin injection 
molded articles with the rigidity required for 
manufactured products, according to the examples and the 



comparative examples . 

DETAILED DESCRIPTION OF THE INVENTION 

Polymers made of polypheny lene oxide (hereunder, 
"PPO" ) and butadiene-styrene copolymer (hereunder, n BS 
copolymer") have high compatibility with organic clay. 
Composite resins composed of such polymers and organic 
clay can guarantee high rigidity for injection molded 
articles, and thus allow realization of thinner injection 
molded articles. The injection molded articles also have 
lighter specific densities and excellent electrical 
insulating properties. 

Such thin injection molded articles have a 
relationship between maximum flow length L of the 
composite resin material and average thickness t of the 
thin injection molded article that satisfies the 

inequality L/t ;> 70. They consequently have high flow 

properties and can give thinner injection molded 
articles. However, when L/t < 70 it is no longer 
possible to achieve thinner injection molded articles. 

The present invention, therefore, can provide 
lightweight thin injection molded articles with high 
rigidity and excellent electrical insulating properties. 

Polymers composed of PPO and BS copolymer include 
modified polyphenylene oxide (hereunder, "modified PPO"). 
Modified PPO is a resin of PPO modified with HIPS (high 
impact polystyrene). Here, the term "modified" means 
that the PPO and HIPS are kneaded in a molten state. 
HIPS is a butadiene-styrene block copolymer. 

Polymers comprising PPO and BS copolymer have better 
properties such as clay dispersability , resin flow 
properties and toughness compared to polymers composed 
only of PPO and containing no BS copolymer. Modified PPO 
exhibits an even higher dielectric breakdown. 

Organic clay is clay (clay mineral) that has been 
rendered organic with an organic agent. 

As clays there may be mentioned montmorillonite, 
saponite, hector ite, beidellite, stevensite, nontronite, 



vermiculite, halloysite, mica, fluorinated mica, 
kaolinite, pyroferrite, and the like. Natural or 
synthetic clays may be used. Sheet silicates such as 
montmorillonite are preferred because they allow greater 
improvement in mechanical strength. 

An example of an organic agent is an organic onium 

ion . 

As organic onium ions there may be used primary to 
quaternary ammonium ions, such as hexylammonium ion, 
octylammonium ion, 2-ethylhexylammonium ion, 
decylammonium ion, dodecylammonium ion, laurylammonium 
ion, hexadecylammonium ion, octadecylammonium ion, 
dioctyldimethylammonium ion, trioctylammonium ion, 
dioc tadecy ldimethy lammonium ion , trioctadecy lammonium 
ion, and the like. 

Other organic onium ions include phosphonium ions. 
As phosphonium ions there, may be used 

tetraethy lphosphonium ion , triethylbenzy lphosphonium ion , 
tetra-n-butylphosphonium ion, tri-n- 
butylhexadecy lphosphonium ion , tr i-n- 
butylbenzy lphosphonium ion, and the like. 

The organic clay content in the thin injection 
molded article of the invention is preferably 1-5 parts 
by weight to 100 parts by weight of the polymer. With 
less than 1 part by weight there is a risk of 
insufficient rigidity of the molded article. With 
greater than 15 parts by weight, the molded article may 
become brittle and tend to break. 

More preferably, the organic clay content is 3-7 
parts by weight to 100 parts by weight of the polymer. 
This will further improve the rigidity and impact 
fracture resistance of the molded article. 

The organic clay in the molded article of the 
invention is preferably one wherein the clay has been 
rendered organic with two or more organic agents. Using 
such an organic clay can result in a larger L/t ratio, 
and molding of a thinner injection molded article. 



The two or more organic agents may be selected from 
among the aforementioned primary to quaternary ammonium 
ions or phosphonium ions. A preferred example is a 
combination of dodecylammonium ion and octadecylammonium 
ion, with a dodecylammonium ion/octadecylammonium ion 
proportion of 0.01-100. The two or more different 
organic agents and their mixing proportions may be freely 
selected . 

Using an organic clay that has been rendered organic 
with two or more organic agents can give an even larger 
L/t ratio and allow molding of thinner molded articles 
for the reason described below. 

As shown in Fig. 1, the clay 11 in the organic clay 
1 is surrounded by the organic agent 12. The surface of 
an organic clay 1 that has been obtained by treatment of 
clay 11 with one type of organic agent 12 is covered with 
equal length carbon chains of the organic agent 12, and 
thus becomes even. On the other hand, as shown in Fig. 
2, an organic clay 1 obtained by treatment of clay 11 
with two or more different organic agents 12 has an 
uneven surface due to the different lengths and three- 
dimensional structures of the organic agents 121, 122. 
The PPO (20) in the polymer is bonded to the clay 11 by 
hydrogen bonds or Van der Waals forces, while also 
interacting and bonding with the organic agent 12 on the 
surface of the clay 11 or the carbon chains bonded to the 
organic agent 12. Because blends comprising PPO and BS 
copolymer are rigid, the interaction occurs more readily 
with organic clay having a surface covered with even 
carbon chains. Clay that has been rendered organic with 
two or more organic agents has an uneven surface, and 
therefore variation is produced in the interactive force 
with the PPO, in some cases resulting in sections which 
undergo no interaction. Thus, when clay has been 
rendered organic with two or more organic agents such 
that variation exists in the interactive force, peeling 
of the organic clay and the PPO tends to occur due to a 



shear force produced during injection molding. The flow 
properties of the composite resin comprising the polymer 
and organic clay are therefore further improved, allowing 
molding of a thinner molded article than by using one 
type of onium ion. 

The same effect can also be achieved by using two or 
more clays rendered organic with organic agents, for 
molding of thin molded articles. This is for the same 
reason explained above, as the combination of two or more 
clays produces variation in the interactive force with 
the PPO, thus facilitating peeling of the organic clay 
and PPO. 

The organic clay 1 is dispersed in the polymer 2 as 
shown in Fig. 3. 

The organic clay preferably loses its layer 
structure in the polymer 2, becoming dispersed as a 
monolayer. This increases the proportion of the polymer 
restricted by the organic clay, and enhances the 
reinforcing effect of the organic clay. 

The dielectric breakdown is higher when the clay is 
dispersed as a monolayer. This is because clay is 
insulating, and the breakdown current cannot pass through 
and must detour. That is, it appears as if the thickness 
has been increased. 

The organic clay is preferably dispersed to a size 

of no greater than 1 \xm in the polymer. This will 

improve the mechanical properties of the molded article. 
The polymer also preferably intervenes between the clay 
layers. This will increase the interface between the 
clay surface and the polymer, and enhance the polymer 
reinforcing effect of the clay. 

The distance between the organic clay layers, due to 
the PPO intervening between the dispersed and separated 
clay layers, is preferably 50 angstroms or greater. This 
will enhance the reinforcing effect of the clay on the 
elastic modulus, etc. The distance between the dispersed 
and separated organic clay layers is more preferably 100 



- 7 - 



angstroms or greater. This will exhibit the maximum 
reinforcing effect. 

The layers of the organic clay are preferably 
separated as described above, but there is no need for 
5 all of the clay layers to be separated. There will be 
variations in the organic treatment of the clay, and 
portions of the clay may be aggregated. It is sufficient 
if only a portion adequately exhibits the reinforcing 
effect. 

10 According to the invention, the relationship between 

the maximum flow length L of the composite resin material 
in the thin injection molded article and the average 
thickness t of the thin injection molded article is such 

3 that L/t s 70. The "maximum flow length of the composite 

-2 15 resin material in the thin injection molded article" is 

* 

Lij the distance between the origin A of the injection 

^ molding gate and the furthest point B from the origin A 

vj in the thin injection molded article molded in the 

s cavity. The origin A is the site of the gate that is at 

20 closest proximity to point B. 
P For example, as shown in Fig. 4a, in the cavity 4 of 

L!r a cylinder for molding of a cylindrical thin injection 

R molded article, the maximum flow length L is the distance 

between the origin A of the gate 41 and the furthest 
25 point B at the edge of the cylinder. When multiple gates 
41 are provided in the cavity 4, as shown in Fig. 4b, the 
maximum flow length L according to the invention is the 
longest flow length of the maximum flow lengths L', L" 
from origins A 1 , A" of each gate 41. When the maximum 
30 flow lengths L 1 and L" from the origins A', A" of two 
gates 41 are equal, as shown in Fig. 4b, either one 
constitutes the maximum flow length L for the composite 
resin material of the thin injection molded article. 

The "gate" is a narrow opening at the section of the 
35 cavity where the molten composite resin material enters 
from a runner. 

The gate 41 may be a pin gate with a point opening 



(Fig. 4a, 4b) , a film gate with a linear opening (Fig. 
4c) or a ring gate with a disk-shaped opening (Fig. 4d). 
For all of these gates, the maximum flow length L is 
determined by defining the origin A as the location of 
the gate nearest the furthest point B. 

In the gate 41, a sprue 43 through which the molten 
composite resin material is supplied is connected via a 
runner 42 which conducts the composite resin material 
from the sprue 43 to the gate 41. 

According to the invention, the "average thickness t 
of the thin injection molded article" is the average 
value for the thickness of the thin injection molded 
article. 

The average thickness t of the thin injection molded 
article is preferably 0.3-2.0 mm. At less than 0 . 3 mm 
the rigidity of the injection molded article may be 
unsustainable, and at greater than 2.0 mm the weight of 
the injection molded article may be insufficient. 

The shape of the thin injection molded article is 
not particularly limited so long as it is thin and, for 
example, it may be planar (Fig. 5a), cylindrical (Fig. 
5b), film-like, curved or bent. 

The thin injection molded article of the invention 
may be used as a case housing for an ignition coil 
bobbin, a cellular phone or the like, but there is no 
limitation to these uses. 

Embodiments of thin injection molded articles of the 
invention will now be explained with reference to 
Examples 1-6 and Comparative Examples 1-6 

Examples 1-4, Comparative Examples 1-6 
First, composite resin materials having the 
composition listed in Table 1 were prepared. The 
polymers were modified PPO, PBT (polybutylene 
terephthalate) , PPS (polyphenylene sulfide) and nylon 66. 

Composite resin materials comprising modified PPO 
and organic clay were used for Examples 1-4. A resin 
material composed only of modified PPO was used for 
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Comparative Example 1. The organic clay used was 
montmorillonite rendered organic with stearylammonium. 
Composite resin materials with glass fiber added instead 
of organic clay were used for Comparative Examples 2 and 
5 3. Resin materials composed only of PBT, PPS and NY66 
were used for Comparative Examples 4, 5 and 6, 
respectively . 

As shown in Figs. 6a, 6b, 6c, 6d, 6e and 6f, the 
(composite) resin materials were injection molded from 

10 the gate 41 into the cavity 4 through the sprue 43 and 

runner 42. The cavity 4 has the same shape as the outer 
surface of the molded article, in order to mold a 
cylindrical thin molded article. A core 40 with the same 
shape as the inner surface of the molded article is 

15 fitted inside the cavity 4. The thickness of the cavity 
was 0.7 mm. 

As shown in Fig. 5b, the resulting thin injection 
molded article 3 was a cylinder with an average thickness 
t of 0.7 mm and having a hollow section 30 at the center. 
20 Example 5 

As the organic clay there was used montmorillonite 
that had been rendered organic with stearylammonium and 
dodecylammonium. The stearylammonium and dodecylammonium 
were mixed in a ratio of stearylammonium/dodecylammonium 
25 =0.8/0.2 (weight ratio) for treatment of the 

montmorillonite. The other conditions were the same as 
in Example 2 for preparation of the composite resin 
material . 

Example 6 

30 As the organic clay there was used montmorillonite 

that had been rendered organic with stearylammonium and 
hexadecylammonium. The stearylammonium and 
hexadecylammonium were mixed in a ratio of 
stearylammonium/hexadecylammonium = 0.5/0.5 (weight 

35 ratio) for treatment of the montmorillonite. The other 
conditions were the same as in Example 3 for preparation 
of the composite resin material. 
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The spiral flow length, maximum flow length/average 
thickness (L/t), thin injection molded article tensile 
modulus and dielectric breakdown strength of the 
(composite) resin material of the thin injection molded 
5 article were measured, and the results are shown in Table 
1- The spiral flow length is the value measured by a 
common resin flow property test. The maximum flow length 
of the thin injection molded article is the distance 
between the origin A of the gate shown in Fig. 4c and the 
10 furthest point B at the edge of the cylinder. 

The same table shows that Examples 1-6 of the 
invention had large L/t ratios and high values for 
tensile modulus and dielectric breakdown strength. The 
^3 L/t ratios were large in Examples 5 and 6. This 

15 demonstrates that, when using clay that has been rendered 

1 "s 

lil organic with two types of organic agents, the flow 

s£l properties of the composite resin are even higher, and 

Ml even better molding properties and increased thinness can 

s be achieved. 

20 In contrast, in Comparative Example 1 that was 

H composed only of modified PPO, the L/t ratio was large 

[U but the tensile modulus and dielectric breakdown strength 

were low. The dielectric breakdown strength for 
Comparative Examples 4-6 that were composed of polymers 
25 other than modified PPO were even lower than Comparative 
Example 1 that was composed only of modified PPO. 

Also, since the composite resins wherein glass fiber 
was added to the modified PPO (Comparative Examples 2 and 

3) had high glass fiber contents of 10 parts by weight 
30 and 20 parts by weight respectively, their L/t ratios 

were smaller than that of the composite resins wherein 
organic clay was added to the modified PPO (Examples 1- 

4) . 

Examples 2 and 3 also had higher dielectric 
3 5 breakdown strengths than Comparative Examples 1, 2 and 3, 
since the dielectric breakdown strengths were enhanced 
due to the clay. 



- 11 



i-H 

fx 



* vo 

6 * 

O X 

U U 



0 ■ 
O X 

u w 



9* 

o x 
u u 



• en 

s * 
o x 



o 
o 



* CM 

6 • 

O X 

u w 



Q) 
H 

! 

X 



o 
o 



o 
o 



<D 

I 

X 



o 
o 



o 

H 

a. 



o 
o 



x 
w 



0 
0* 



X 

w co 



o 
o 



a 



x 

W CM 



O 

o 



I 

x 
w 



o 
o 



iH 



• rH O 



a 
o x 
a w 



o 
o 



o 

CM 
Cy 

•o 

0) 
*r| 

•rt 

•o 
o 



m 



O 
O 



CO 
Oi 



O 

o 



vo 



CM 

to 



CS 













• 






CM 






in 



to 



CO 



>1l 

H 
0 

o 

H 



0* 
O 



_ co 

o 

CM 1] CD 



o 

lO 



CD 

co 
m 



io 



co 

CO 

to 



IO 

in 



m 
to 



CM 

m 



u 

Q 
Si 

rt 
<U 

09 
0) 
t0 
H 

o 



C 

<D 



3 
O 
•— I 

*w 

rH 
CO 

u 

■rl 
CO 



o 

IO 



00 
CO 



CO 



00 



00 



00 
00 



to 
o 



M 

CD 

<D ~ 

rH 



0 
H 



0) 
CD 
C 
J* 

o 

•rH 



35 



CM 



CO 
CO 

* 

CO 



m 

CO 
CO 



CO 
CO 

* 

CO 



CM 

* 

CO 



CM 
CO 



CO 
CM 



tO 

* 

CM 



O 
CM 



(0 



CO 
H 

•o 

§ 

(D 
rH 
H 

a> 

C 



to 

i-l 



CO 



CO 

* 

o 

CM 



CM 



CM 
CM 



* 

rH 
CM 



CM 



0* 

c 

(D 

n 

0) 

c 
o 

(It 

<D 
U 



U 
H 
W 

U g 

rH \ 

CD > 
*H .« 
Q w 



a> 
a 
>i 

-p 

+j 
a 
a> 

CP 
«5 

O 
H 

a 
rrj 

rH 
O 



12 - 



i — : 



: 3 : 



Fig. 7 shows the relationship between tensile 
modulus and maximum flow length for Examples 1-6 and 
Comparative Examples 1-3. As seen here, the composite 
materials of modified PPO and organic clay (Examples 1-4) 
5 were able to provide higher rigidity for the molded 

articles with the same maximum flow length, compared to 
the composite materials of modified PPO and glass fiber. 

The experimental results for Examples 5 and 6 also 
demonstrated that the maximum flow length can be 

10 increased by using clay rendered organic with two types 
of organic agents. 

Fig* 8 shows the relationship between the content of 
the filler (organic clay or glass fiber) in Examples 1-6 
and Comparative Examples 1 and 2, and the tensile modulus 

15 of the molded product. In Fig. 8, the horizontal axis 
represents the filler content with respect to 100 parts 
by weight of polymer, and the vertical axis represents 
the relative tensile modulus with the tensile modulus of 
Comparative Example 1 defined as 1. 

20 According to this graph, the rigidity of the 

composite material comprising modified PPO and organic 
clay reflected twice the reinforcing effect with the same 
filler content, compared to the composite resin material 
comprising modified PPO and glass fiber. 

25 As shown in Fig. 9, measurement of the L/t ratio 

satisfying the rigidity required for manufactured 
products (3-5 GPa) indicated that the composite resin 
materials comprising organic clay and modified PPO had 
larger L/t ratios than the composite resin materials 

30 comprising glass fiber and modified PPO. Thus, by using 
a composite resin material having organic clay dispersed 
in modified PPO, it is possible to produce thin, 
lightweight injection molded articles with excellent 
rigidity . 



